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Description 
MOTOR DRIVER 

Technical Field 

5 The present invention relates to a motor driver that performs 

PWM (pulse width modulation) sensor less driving. 

Background Art 

The following describes a conventional motor driver. 

10 FIG. 14 shows the structure of a conventional motor driver. 

In the f igure, a rotor 1010 has a magnetic field unit achieved 
by permanent magnets, and generates a rotation force according to 
mutual action of windings 1011, 1012, and 1013. A power supplier 
1020 is composed of three upper power transistors and three lower 

15 power transistors, and supplies power to the windings 1011, 1012, 
and 1013 . A position detector 1030 compares each of terminal voltages 
VI, V2, and V3, which are each from one terminal of the windings 
1011, 1012, and 1013, respectively, with a common voltage Vc, and 
outputs a detection pulse signal FG in accordance with the result 

20 of comparison. A command unit 1040 outputs a speed command signal 
EC for controlling speed of the rotor 1010. In accordance with the 
signal EC, the switching controller 1050 outputs a PWM signal Wp 
for having the upper power transistors of the power supplier 1020 
perform PWM operation. In accordance with the detection signal pulse 

25 FG and the PWM signal Wp, a distribution controller 1060 outputs 
upper distribution control signals Nl, N2, and N.3 and lower 
distribution control signals Ml, M2, and M3 for controlling power 
distribution to the windings 1011, 1012, 1013. Accordingly, thepower 
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supplier 1020 supplies power to the windings 1011, 1012, and 1013, 
and has the motor perform PWM sensorless driving. 

A further structure is disclosed in Japanese Patent Application 
Publication No. 2001-346394 (p. 18, paragraph no. 0051), for having 
5 position detection perf ormed stably in order to eliminate instability 
in accelerated turning operation caused by lag in position detection. 

A problem exists in these conventional motor drivers in that 
startup failure occurs easily. Startup failure occurs because the 
rotor 1010 is unstable in terms of position and rotates slowly at 

10 the initial startup, and therefore the back EMF (electromagnetic 
force) voltage that is induced in the windings 1011, 1012, and 1013 
is low. Consequently, the position sensor 1030, which detects 
position based on the comparison results of the terminal voltage 
VI, V2, and V3 of the windings 1011, 1012, and 1013 with the common 

15 voltage Vc, detects erroneously. 

Particularly, when having the motor perform PWM driving, 
induced noise that is characteristic of PWM operation is superimposed 
on the terminal voltage in the detection phase. As a result, the 
probability of the position sensor 1030 detecting erroneously further 

20 increases due to this superimposed noise. 

A further conventional technique that attempts to deal with 
this problem is a method that fixes the position of the rotor in 
startup according to magnetic pull in a specific phase. However, 
this method is problematic because the motor driver takes longer 

25 to start up due to the additional time required to fix the position 
of the rotor. 

In view of the stated problems, the object of the present 
invention is to provide a motor driver that enables stable PWM 



sensorless startup in PWM sensorless driving, taking into 
consideration the effects of noise that is characteristic of PWM 
operation. 



5 Disclosure of the Invention 

In order to achieve the stated object, the present invention 
is a motor driver that drives a motor composed of a rotor and 
plural-phase windings that generate a magnetic field for rotating 
the rotor, including: a plurality of transistors that operate as 

10 switches for supplying current to the windings; a position detector 
operable to detect a rotational position of the rotor, based on a 
terminal voltage of each winding; and a switching controller operable 
to have performed- a switching method to turn the transistors to an 
ON state or to an OFF state for controlling the rotor at the 

15 predetermined speed by means of the position detector, wherein the 
switching controller further controls so as to force each of the 
transistors into the OFF state for a predetermined duration in a 
predetermined cycle, and the position detector detects only while 
the switching controller forcedly keeps the transistor in the OFF 

20 state. 

With this structure, detection of the position of the rotor 
is performed only while the switching controller forcedly keeps the 
transistors in the OFF state. In this period, erroneous* position 
detection due to induced noise that is characteristic of PWM operation 
25 can be prevented, and, as a result, startup failure due to erroneous 
detection can be prevented. In other words, stable PWM sensorless 
startup is achieved. 

In particular, when having the motor perform PWM driving 



according to the transistors performing high-frequency switching 
between the ON state and the OFF state , induced noise caused by current 
change in PWM operation is superimposed on terminal voltage of the 
winding that is being used for position detection . Position detection 
is more likely to be erroneous if performed using the terminal voltage 
on which this induced noise has been superimposed. Therefore, the 
present invention has a structure in which position detection is 
performed in segments in which PWM operation is forced off. 

Furthermore, the present invention may be characterized in 
that the rotor has permanent magnets, each winding is mounted on 
a stator, the motor driver further includes a DC power unit that 
is a power supply source, the plurality of transistors is composed 
of a group of transistors that operate as switches for supplying 
power from one terminal of the DC power unit to one end of each winding, 
and a group of transistors that operate as switches for supplying 
power from another terminal of the DC power unit to another end of 
each winding, and the switching controller performs the control for 
forcing the OFF state with respect to at least transistors of one 
of the groups. 

With this structure, it is sufficient for the switching 
controller to control only one of the groups of transistors. Since 
it is not necessary to control both the groups of transistors, the 
circuit structure can be simplified. 

Furthermore, the present invention may be characterized in 
that the position detector stops detecting for a predetermined period 
commencing at a point at which a change from the ON state to the 
OFF state occurs when the switching controller forces the OFF state, 
and the predetermined duration relating to the switching controller 



forcing the OFF state is longer than the predetermined period. 

With this structure, the adverse effect of ringing, which occurs 
during the predetermined period, on detection can be avoided. 

Furthermore, the motor driver of the present invention may 
5 further include: a rotation speed determiner operable to determine 
whether or not a rotation speed of the rotor is at least a predetermined 
speed, wherein, when the rotation speed is determined to be at least 
the predetermined speed, the position detector detects at least while 
a transistor is in the ON state. 
10 With this structure, when the rotation speed is at least the 

predetermined speed, the effect of induced noise that accompanies 
current change according to PWM operation is reduced. Therefore, 
position detection can be performed with even more stability. 

Furthermore, the present invention may be characterized in 
15 that when the rotation speed is determined to be at least the 
predetermined speed, the switching controller stops forcing the OFF 
state. 

With this structure, while the rotation speed is less than 
the predetermined speed, in other words, during startup when the 

20 speed is one at which erroneous detection occurs easily, erroneous 
detection can be prevented by forcedly turning the transistors to 
the OFF state. On the other hand, when the rotation speed reaches 
at least the predetermined speed, erroneous detection is relatively 
unlikely to occur compared with the when the rotation speed is less 

25 than the predetermined speed. Furthermore, a problem occurs that, 
when the rotation speed is at least the predetermined speed, rotation 
becomes unstable easily because of fluctuations in driving current 
due to a wide forced-off segment. Therefore, the present invention 



is structured such that the switching controller stops forcedly 
turning the transistors to the OFF state when the rotation speed 
reaches at least the predetermined speed. This suppresses 
fluctuations in driving current, and consequently achieves stable 
5 rotation. 

Furthermore, the present invention may be characterized in 
that the position detector (a) when the rotation speed is determined 
not to be at least the predetermined speed, stops detecting for a 
first period commencing at a point at which a change from the ON 

10 state to the OFF state occurs when the switching controller forces 
the OFF state, and (b) when the rotation speed is determined to be 
at least the predetermined speed, stops detecting for a second period 
commencing at a point at which a transistor changes from the OFF 
state to the ON state, and the predetermined duration relating to 

15 the switching controller forcing the OFF state is longer than the 
first period. 

With this structure, when the rotation speed is less than the 
predetermined speed, position detection is suppressed during the 
initial first period commencing at the point at which the transistors 

20 are forcedly changed from the ON state to the OFF state. This avoids 
adverse effect of ringing which is prone to occurring in this period. 
Furthermore, when the rotation speed reaches at least the 
predetermined speed, position detection is suppressed during an 
initial second period commencing at the point at which the transistors 

25 change from the OFF state to the ON state. This avoids adverse effect 
of ringing which is prone to occurring during this period. 

Furthermore, the present invention may be characterized in 
that the rotation speed determiner performs the determination based 
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on the result of the detection by the position detector. 

With this structure, the rotation speed determiner is able 
to determine the rotation speed using the detection result from the 
position detector, without special structure being required for 
rotation speed determination. Therefore, the circuit structure can 
be simplified. 

Furthermore, the present invention may be characterized in 
that the switching controller turns a predetermined one of the 
transistors to the ON state in each constant period, turning the 
transistor to an OFF state for a predetermined period directly before 
turning the transistor to the ON state. 

Furthermore, the present invention may be characterized in 
that the predetermined cycle in which the switching controller forces 
the OFF state is no greater than 1/20000 seconds. 

Furthermore, the present invention may be characterized in 
that the position detector detects the position of the rotor by 
comparing a terminal voltage of each winding with a center tap voltage 
of all windings or with a pseudo-center tap voltage of the terminal 
voltages of the windings. 

Furthermore, the present invention may be characterized in 
that the cycle in which the switching controller forces the OFF state 
includes a segment in which a driving current of each winding is 
0, and the position detector detects during the segment. 

Brief Description of the Drawings 

FIG. 1 shows the structure of a motor driver of a first 
embodiment ; 

FIG. 2 shows detailed structure of a position detector 30; 



FIG. 3 shows detailed structure of a switcher 50; 

FIG. 4 shows the relationship between the waveform of each 
signal of a switching controller 52; 

FIG. 5 shows the structure of a motor driver of a second 
embodiment; 

FIG. 6 shows detailed structure of a position detector 30A; 
FIG. 7 shows the structure of a motor driver of a third 
embodiment ; 

FIG. 8 shows detailed structure of a switcher 50; 

FIG. 9 shows the relationship between the waveform of each 
signal of the switching controller 52 in a first position detection 
mode ; 

FIG. 10 shows the relationship between the waveform of each 
signal of the switching controller 52 in a second position detection 
mode ; 

FIG. 11 shows the structure of a motor driver of a fourth 
embodiment; 

FIG. 12 shows detailed structure, of a switching controller 

52A; 

FIG. 13 shows the relationship between the waveform of each 
signal of the switching controller 52A; and 

FIG. 14 shows the structure of a conventional motor driver. 

Best Mode for Carrying Out the Invention 

The following describes embodiments of the present invention 
with reference to the drawings. 
(First Embodiment) 

FIG. 1 shows the structure of a motor driver of the first 
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embodiment . 

In the figure, a rotor 10 has a magnetic field unit attached 
" thereto which generates a plurality of magnetic field poles using 
permanent magnets. Three phase windings 11, 12, and 13 are mounted 
5 on stators, which are stationary parts, and are arranged so as to 
be electrically shifted by 120 degrees with respect to the rotor 
10. One terminal of each winding is connected to a power supplier 
20, and the other terminals are commonly connected. The three phase 
windings 11, 12, and 13 generate three phase magnetic flux according 

10 to three phase driving voltages II, 12, and 13, and generate driving 
power according by mutual action with the rotor 10. This rotates 
the rotor 10 and a disc 1 mounted on the rotor 10. 

A DC power source 5 is the source of power . The negative terminal 
of the DC power source 5 is connected to earth potential and the 

15 positive terminal of the DC power source 5 supplies required DC voltage 
Vm. The positive terminal of the DC power source 5 is commonly 
connected via a current detector 51 to current input terminals of 
three upper power transistors 21, 22, and 23. The current output 
terminals of the upper power transistors 21, 22, and 23 are connected 

20 to the power supply terminals of the three phase windings 11, 12, 
and 13, respectively. Furthermore, the negative terminal of the DC 
power source 5 is commonly connected to current output terminals 
of three lower power transistors 25, 26, and 27. The current output 
terminals of the lower power transistors 25, 26, and 27 are connected 

25 to power supply terminals of the three phase windings 11, 12, and 
13, respectively. In addition, upper power diodes 2 Id, 22d, and 23d 
are connected anti-parallel with the upper transistors 21, 22, and 
23, respectively, and lower power diodes 25d, 26d, and 27d are connected 



anti-parallel with the lower transistors 25, 26, and 27, respectively. 
Note that N-channel field effect power transistors are used for the 
upper power transistors 21, 22, and 23 and the lower power transistors 
25, 26, and 27, and parasite diodes that are formed in anti-parallel 
connection with each of the N-channel field effect power transistors 
are used as the upper power diodes 21d, 22d, and 23d, and the lower 
power diodes 25d, 26d, and 27d, respectively. 

The power supplier 20 is composed of the upper power transistors 
21, 22, and 23, the lower power transistors 25, 26, and 27, the upper 
power diodes 21d, 22d, and 23d, and the lower power diodes 25d, 26d, 
and 27d. The upper power transistors 21, 22, and 23 open and close 
power supply paths between the positive terminal of the DC power 
source 5 and the power supply terminal of each of the three-phase 
windings 11, 12, and 13 in accordance with upper power distribution 
control signals Nl, N2, and N3 from a distribution controller 60, 
thereby forming current paths that supply positive current of the 
driving currents II, 12, and 13 to the three-phase windings 11, 12, 
and 13. Upper power control distribution signals Nl, N2, and N3 serve 
as digital PWM signals in each power distribution segment, according 
to a PWM signal Wp from a switching controller 52. In other words, 
the upper power transistors 21, 22, and 23 perform high-frequency 
switching operation. The lower power transistors 25, 26, and 27 open 
and close power supply paths between the negative terminal of the 
DC power source 5 and the negative terminal of each of the three-phase 
windings 11, 12, and 13 in accordance with lower power distribution 
control signals Ml, M2, and M3 from the distribution controller 60, 
thereby forming current paths that supply negative current of the 
driving currents II, 12, and 13 to the three-phase windings 11, 12, 



and 13 . Note that structure and operation of the switching controller 
52 are described in detail later. 

The position sensor 30 detects the rotational position of the 
disc 1 and the rotor 10, and outputs a detection pulse signal FG 
5 corresponding to the detection result. FIG. 2 shows detailed 
structure of the position sensor 30. The position sensor 30 is 
composed of four input resistors 31, 32, 33, and 34, three voltage 
comparison circuits 35, 36, and 37, a noise removal circuit 38, and 
a detection circuit 39. The terminal voltages VI, V2, and V3 

10 respectively generated in one terminal of each of the three phase 
windings 11, 12, and 13 are respectively input, with a common connection 
center tap voltage Vc, to the voltage comparison circuits 35, 36, 
and 37 via the input resistors 31, 32, and 33. The voltage comparison 
circuits 35, 36, and 37 compare the terminal voltages VI, V2, and 

15 V3 with the center tap voltage Vc, and output voltage comparison 
signals CI, C2, and C3 in accordance with the comparison results. 
The noise removal circuit 38 removes switching noise caused by 
high-frequency switching operation from the voltage comparison 
signals CI, C2, and C3 of the voltage comparison circuits 35, 36, 

20 and 37, and outputs voltage comparison signals C1R, C2R, and C3R 
obtained as a result of the noise removal. Note that a mask signal 
Wm from the switching controller 52 is used in the noise removal. 
This mask signal Wm is described in detail later. Next, the detection 
circuit 39 detects the position of the disc 1 and the rotor 10 using 

25 the noise-removed voltage comparison signals C1R, C2R, and C3R from 
the noise removal circuit 38 and detection window signals WIN 1-6 
from the distribution controller 60, and outputs a detection pulse 
signal FG corresponding to the detection result . The detection pulse 



signal FG is input to the command unit 40 and the distribution controller 
60. 

Detection windows WIN 1-6 are described here. The detection 
window signals WIN 1-6 are output from the distribution controller 
5 60, and correspond to the zero cross of the rising edge and falling 
edge of the back EMF voltage induced in the three-phase windings 
11, 12, and 13 in respective non-power distribution phases. For 
example, the detection window signal WIN 1 is a window for detecting 
rising edge zero cross of the back EMF voltage of the winding 11, 

10 and the detection window signal WIN 2 is a window for detecting falling 
edge zero cross of the back EMF voltage of the winding 13. In this 
way, the detection window signals WIN 1-6 are electrically shifted 
by a 60 degree electrical angle. 

The command unit 40 is composed of a speed control circuit 

15 that controls so that the disc 1. and the rotor 10 rotate at a 
predetermined speed. The command unit 40 detects the rotation speed 
of the disc 1 and the rotor 10 according to the detection pulse signal 
FG from the position detector 30, and outputs a speed command signal 
Ac that varies in accordance with a difference between the detected 

20 speed and a target rotation speed. 

A switcher 50 is composed of the current detector 51, the 
switching controller 52, and a forced-off signal generator 53. FIG. 
3 shows detailed structure of the switcher 50. The current detector 
51 is composed of a current detection resistor 110, and outputs a 

25 current detection signal Ad that is proportionate to the current 
supplied to the three-phase windings 11, 12, and 13 from. the positive 
terminal of the DC power 5 via the upper power transistors 21, 22, 
and 23. 
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The f orced-of f control generator 53 outputs a f orced-of f signal 
Wo that reaches a low level every constant cycle To. This f orced-of f 
signal Wo is input into the switching controller 52. The switching 
controller 52 compares the current detection signal Ad from the current 
detector 51 with the speed command signal Ac from the command unit 
40, outputs a PWM reset signal Pr in accordance with the comparison 
result, and outputs the PWM signal Wp and the mask signal Wm that 
correspond to the PWM reset signal Pr. The PWM signal Wp is input 
into the distribution controller 60, and the mask signal Wm is input 
into the noise removal circuit 38 of the position detector 30. The 
PWM signal Wp is for having the upper power transistors 21, 22, and 
23 of the power supplier 20 perform high frequency switching operation 
(PWM operation) . 

Note that the motor driver of the first embodiment may instead 
be structured such that the current detector 51 is between the negative 
terminal of the DC power supply 5 and the lower power transistors 
25, 26, and 27. 

The switching controller 52 includes a comparison circuit 111, 
a reference trigger generation circuit 112, a PWM signal generation 
circuit 113, an AND gate 115, and a mask signal generation circuit 
116 . The comparison circuit 111 compares the current detection signal 
Ad from the current detector 51 with the speed command signal Ac 
from the command unit 40, and outputs a PWM reset signal Pr that 
varies in accordance with the comparison result. Specifically, when 
the current detection signal Ad becomes higher than the speed command 
signal Ac, the PWM reset signal changes from the low level to the 
high level. The reference trigger generation circuit 112 outputs 
a reference trigger signal Ps at a constant cycle Tp. Specifically, 



1/Tp is a value between 20 kHz and 500 kHz, inclusive. The PWM signal 
generation circuit 113 outputs a basic PWM signal Wb according to 
the PWM reset signal Pr from the comparison circuit 111 and the reference 
trigger signal Ps from the reference trigger generation circuit 112. 
The relationship between the reference trigger signal Ps, the PWM 
reset signal Pr, and the basic PWM signal Wb is shown in FIG. 4. 
The basic PWM signal Wb changes to the high level on the rising edge 
of the reference trigger signal Ps in the constant cycle Tp, and 
changes to the low level according to the rising edge of the PWM 
reset signal Pr. In this way, the basic PWM signal Wb is a PWM signal 
that corresponds to the result of the comparison of the current 
detection signal Ad and the speed command signal Ac. In other words, 
the duty of the basic PWM signal Wb varies in accordance with the 
speed command signal Ac from the command unit 40 . Specifically, when 
the actual rotation speed of the disc 1 and the rotor 10 is slower 
than the target rotation speed, the speed command signal Ac from 
the command unit 40 is high, and the ON duty of the basic PWM signal 
Wb increases . Conversely, when the actual rotation speed of the disc 
1 and the rotor 10 is faster than the target rotation speed, the 
speed command signal Ac from the command unit 40 is low, and the 
ON duty of the basic PWM signal Wb decreases. Furthermore, when the 
target rotation speed and the actual rotation speed of the disc 1 
and the rotor 10 are substantially equal, the speed command signal 
Ac from the command unit 40 has a value that corresponds to the target 
rotation speed, and the ON duty of the basic PWM signal Wb also has 
a value that substantially corresponds to the target rotation speed. 

As has been described, the rotation speed of the disc 1 and 
the rotor 10 is controlled by detecting the actual rotation speed 



using the detection pulse signal FG of the position detector 30, 
outputting a speed command signal Ac that varies in correspondence 
with the difference with the target rotation speed, and varying the 
ON duty of the basic PWM signal Wb in accordance with the speed command 
signal Ac. 

The f orced-of f signal generator 53 outputs a forced-off signal 
Wo that forcedly sets the upper power transistors 21, 22, and 23 
of the power supplier 20 to OFF every constant cycle To. This 
forced-off signal Wo is input into one of the input terminals of 
the AND gate 115 of the switching controller 52, and the basic PWM 
signal Wb from the PWM signal generator 113 is input into the other 
input terminal. The AND gate 115 performs AND synthesis and outputs 
the PWM signal Wp. The relationship between the waveforms of signals 
of the switching controller 52 is shown in FIG. 4. The upper power 
transistors 21, 22, and 23 of the power supplier 20 perform high 
frequency switching operation according to this PWM signal Wp. In 
other words, in addition to high frequency switching according to 
the basic PWM signal Wb, forced-off operation is performed forcedly 
every constant cycle To, according to the forced-off signal Wo. At 
this time , since the current is cut off every constant cycle To according 
to the forced-off signal Wo, a problem of noise arises if the repetition 
frequency 1/To of the forced-off signal Wo is within an audible 
frequency range. For this reason, it is preferable to set the 
repetition frequency 1/To of the forced-off signal Wo to be outside 
the audible frequency range, specifically, to 200 kHz or above. In 
other words, it is preferable that To is no greater than 1/20000 
seconds. Note that forced-off operation according to the forced-off 
signal Wo is not limited to being performed every constant cycle 



Tp such as in the motor driver of the present embodiment, but may 
be performed in arbitrary cycles, or with arbitrary timing. 

The PWM signal Wp is also input into the mask signal generator 
116. The mask signal generator 116 outputs the mask signal Wm which 
5 is for removing noise, which is caused by high-frequency switching, 
that is superimposed on the voltage comparison signals CI, C2, and 
C3 from the voltage comparison signals CI, C2, and C3 in the noise 
removal circuit 38 of the position detector 30. The high level 
segments of the mask signal Wm are segments in which high frequency 

10 switching noise is masked, while the low level segments are segments 
in which position detection is possible. In the motor driver of the 
present first embodiment, the mask signal Wm masks in all segments 
other than the forced-off segment, and further masks for a first 
predetermined period Ta after forced-off. Consequently, the only 

15 segment in which the rotational position of the disc 1 and the rotor ■ 
10 is able to be detected is a segment X, which is the forced-off 
segment A with the exclusion of the first predetermined period Ta. 
In other words, position detection is performed only in the forced-off 
segment. Note that the forced-off segment A must be set to be longer 

20 than the first predetermined period Ta that proceeds forced-off (A 
> Ta) . 

The distribution controller 60 outputs the upper power 
distribution signals Nl, N2, and N3 and lower power distribution 
signals Ml, M2, and M3 that vary in correspondence to the detection 
25 pulse signal FG from the position detector 30, thereby controlling 
power distribution from the upper power transistors 21, 22, and 23 
and the lower power transistors 25, 26, and 27 of the power supplier 
20 to the three-phase windings 11, 12, and 13. The upper power 



distribution signals. Nl, N2, and N3 are AND synthesized with the 
PWM signal Wp from the switching controller 52. The upper power 
transistors 21, 22, and 23 perform high-frequency switching operation 
according to upper power distribution signals Nl, N2, and N3 (PWM 
5 signal WP) , and the lower power transistors 25, 2 6, and 27 perform 
full-on operation according to the lower power distribution signals 
Ml, M2, and M3 . More specifically, while power is being distributed 
from the winding 11 to the winding 12, the upper power transistor 
switch 21 performs high-speed switching operation according to the 

10 upper power distribution signal Nl, and the lower power transistor 
26 performs full-on operation according to the lower power 
distribution signal M2 . When the upper power transistor 21 is 
performing ON operation according to the PWM signal Wp, the upper 
power transistor 21 supplies positive current from the positive 

15 terminal of the DC power source 5 to the winding 11, and the lower 
power transistor 26 supplies negative current from negative terminal 
of the DC power source 5 to the winding 12. Next, when the PWM signal 
Wp is off, since the positive current that was flowing in the winding 
11 attempts to continue flowing due to the inductance action of the 

20 winding, positive current is supplied to the winding 11 by the 
same-phase lower power diode 25d. In this way, PWM operation is 
performed. Furthermore, as described earlier, the distribution 
controller 60 also outputs the detection window signals WIN 1-6 that 
vary according to the detection pulse signal FG from the position 

25 detector 30. 

The motor driver of the present first embodiment performs PWM 
sensorless driving with the above-described structure. Generally, 
since it is necessary to detect the rotational position of the disc 



1 and the rotor 10 in sensorless driving, sensorless driving of a 
motor is performed by providing a non-power distribution segment, 
in other words, by providing a segment in which same-phase upper 
and lower power transistors in the power supplier 20 are OFF, and 
5 performing zero cross detection of the back EMF voltage induced in 
the corresponding winding in that segment. However, since the rotor 
is unstable in terms of position and rotates slowly at initial startup, 
the back EMF voltage induced in the three-phase windings 11, 12, 
and 13 is low, and, consequently, position detection is difficult. 

10 This causes the conventional problem of start up failure in sensorless 
driving. In particular, it was found that, when having the motor 
perform PWM driving, induced noise that accompanies changes in current 
according to PWM driving is superimposed on the detection phase 
terminal voltage. Consequently, in sensorless startup, the position 

15 is erroneously detected due to the effect of induced noise, and startup 
failure occurs easily. In this way, induced noise is generated 
accompanying current changes in PWM operation, and the adverse effects 
thereof are particularly great in position detection during initial 
startup. 

20 Here, induced noise is described. Induced noise is voltage 

generated as a result of a change in current according to PWM operation . 
Describing induced noise in more detail, in the power supplier 20 
of FIG. 1, the upper power transistor 21 is made to perform PWM operation, 
and the lower power transistor 27 is made to perform full-on operation . 

25 In this state, power is distributed from the winding 11 to the winding 
13, and the detection phase is winding 12 . Ordinarily, when the motor 
is not rotating, the center tap voltage Vc at the common connection 
point and the terminal voltage V2 of the detection phase (winding 
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12) are equal, and the difference voltage therebetween should be 
0. However, when PWM operation is performed, induced noise, which 
is a phenomenon characteristic of PWM operation, is superimposed 
on the detection phase terminal voltage V2 with respect to the center 
5 tap voltage Vc. Induced noise is voltage generated accompanying 
current change according to PWM operation, however, the value of 
the induced noise is the opposite one of positive or negative to 
the current change amount. Furthermore, the level of induced noise 
varies depending on the current change amount. 

10 One method for startup is to fix the position of the rotor 

according to magnetic pull in a specific phase, and having the motor 
start after the position of the disc 1 and the rotor 10 has been 
fixed. Although stable sensorless startup can be achieved by first 
fixing the initial position before startup in this way, fixing the 

15 initial position takes time. For this reason, a method of performing 
forced synchronized driving at startup and then switching to 
sensorless driving is often employed. With a structure such as that 
of the present first embodiment in which the peak of driving current 
of the three windings 11, 12, and 13 is detected by the current detector 

20 51, the ON duty of the PWM signal WP directly after startup is great, 
specifically, approximately 100%. In other words, position 
detection is performed almost all the time in PWM operation ON section. 
Conventionally, in such a case, induced noise that accompanies 
positive voltage change according to PWM operation is superimposed 

25 on the detection phase terminal voltage, causing erroneous detection 
of the position and resulting in startup failure. 

In light of this problem, themotor driver of the first embodiment 
has a structure in which an OFF segment is provided and position 
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detection is performed in the OFF segment. Specifically, the 
forced-of f signal generator 53 provided in the switcher 50 outputs 
a forced-of f signal Wo that forcedly turns off the upper power 
transistors 21, 22, and 23 of the power supplier 20 every constant 
cycle To, and the position detector 30 performs position detection 
only in the forced-of f segment. As a result of position detection 
operations being performed only in the forced-of f segment, position 
detection is performed with the negative current change. 
Consequently, the induced noise at the time of position detection 
is of the opposite one of positive and negative to the induced noise 
that accompanied current change. Such a structure enables stable 
PWM sensorless startup. 

Note that the forced-of f segment A may be any length of time 
that is longer than the first predetermined period Ta (A > Ta) . 
Specifically, the time of forced-of f segment A is a value of at least 
3 lis and no more than 20 ps. Furthermore, as one example of a way 
to further reduce the effects of induced noise, the forced-of f segment 
A may be set to be sufficiently long for the driving current to become 
0 , and position detection is performed in the segments when the driving 
current is 0 . Since current change according to PWM operation does 
not occur in the segments in which the driving current is 0, induction 
noise does not occur. In other words, the influence of induced noise 
can be disregarded. 

(Second Embodiment) 

FIG. 5 shows the structure of a motor driver of the second 
embodiment. In the motor driver of FIG. 1, a center tap voltage Vc 
of a common connection point of the terminal voltages VI, V2, and 
V3 from one terminal of each of the three-phase windings 11, 12, 



and 13 is input into the position detector 30 , and the position detector 
30 detects the rotational position of the disc 1 and the rotor 10. 
In contrast, in the motor driver of the present second embodiment, 
only the terminal voltages VI, V2, and V3 of the three-phase windings 
5 11, 12, and 13 are input into a position detector 30A, and the position 
detector 30A detects the rotational position without using the center 
tap voltage Vc. 

FIG. 6 shows detailed structure of the position detector 30A. 
The terminal voltages VI, V2, and V3 that occur at one terminal of 

10 each of the three-phase windings 11, 12, and 13 are respectively 
input into the input terminals of the voltage comparison circuits 
35, 36, and 37 via the input resistors 31, 32, and 33. A center tap 
voltage Vci, which is a pseudo-center tap voltage of the terminal 
voltages VI, V2, and V3 that occur in one terminal of the three-phase 

15 windings 11, 12, and 13, is input into the other input terminal of 
each of the voltage comparison circuits 35, 36, and 37. The 
pseudo-center tap voltage Vci is generated by connecting resistors 
34A, 34B, and34C to the terminal voltages VI, V2, andV3, respectively, 
and commonly connecting one terminal of each of the resistors 34A, 

20 34B, and 34C. The voltage comparison circuits 35, 36, and 37 directly 
compare the terminal voltages VI, V2, and V3, which occur in one 
terminal of the three-phase windings 11, 12, and 13, with the 
pseudo-center tap voltage Vci . Circuit structure subsequent to the 
voltage comparison circuits- 35, 36, and 37 is identical to that of 

25 the first embodiment, and rotational position detection is performed 
using only the terminal voltages VI, V2, and V3 that occur in one 
terminal of each of the three-phase windings 11, 12, and 13. 

With the described structure, it is sufficient for three 
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voltages to be input into the position detector 30A, specifically, 
the terminal voltages VI, V2, and V3 that occur in one terminal of 
each of the three-phase windings 11, 12, and 13. This is one less 
input voltage than in the motor driver of the first embodiment. In 
5 other words, the motor driver can be constructed with one less wire 
from the center tap voltage to the position detector 30A and one 
less terminal . 

(Third Embodiment) 

FIG. 7 shows the structure of the motor driver of the third 
10 embodiment . 

The structure shown in FIG. 7 differs from that shown in FIG. 
1 in that it additionally includes a rotation speed judgment unit 
70. 

The detection pulse signal FG from the position detector 30 
15 is input into the rotation speed determination unit 7 0 , and the rotation 
speed determination unit 70 determines the rotation speed of the 
disc 1 and the rotor 10 using the position detection pulse signal 
FG . When the rotation speed of the disc 1 and the rotor 10 is determined 
to be at least a predetermined speed, the rotation speed determination 
20 unit 70 outputs a high level rotation speed determination signal 
NS. Note that the structure for judging the rotation speed of the 
disc 1 and the rotor 10 is not limited to being a structure in which 
the position detection pulse signal FG is used in the judgment. Any 
other structure by which the rotation speed can be judged is possible. 
25 FIG. 8 shows detailed structure of the switcher 50. The basic 

structure is the same as that in the motor driver of the first embodiment . 
The rotation speed determination signal NS is input into the f orced-of f 
signal generator 53, the switching controller 52, and the mask signal 
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generator 116. Here, "first position detection mode " is used to refer 
to a detection mode used when the level of the rotation speed 
determination signal NS is low, in other words, position detection 
during a period from initial startup through to when rotation speed 
5 of the disc 1 and the rotor 10 reaches the predetermined rotation 
speed. Furthermore, "second position detectionmode" is used to refer 
to a detection mode used when the level of the rotation speed 
determination signal NS is high, in other words, position detection 
while the rotation speed of the disc 1 and the rotor 10 is at least 

10 the predetermined rotation speed. 

FIG. 9 shows the relationship between waveforms of signals 
in the switching controller 52 in first position detection mode. 
In first position detection mode, the forced-off signal generator 
53 outputs the forced-off signal Wo. Therefore, the PWM signal Wp 

15 is an AND output of the basic PWM signal Wb and the forced-off signal 
Wo. The upper power transistors 21, 22, and 23 of the power supplier 
20 perform PWM operation, which includes forced-off operation, 
according to this PWM signal Wp. Meanwhile, the mask signal generator 
116 outputs a mask signal Wm that masks during all segments other 

20 than the forced-off segment, and also masks for a first predetermined 
period Ta after the forced-off segment (This is the same as in the 
first embodiment. ) . In other words, position detection is possible 
only in a segment X, which is the forced-off segment A with the exclusion 
of the first predetermined period Ta . Note that the forced-off segment 

25 A must be set to be longer than the first predetermined period Ta 
that proceeds forced off (A > Ta) . 

FIG. 10 shows the relationship between waveforms of signals 
in the switching controller 52 in second position detection mode. 
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In second position detection mode, the forced-off signal generator 
53 outputs a high level signal. Therefore, since the PWM signal Wp 
is the AND output of the basic PWM signal Wb and the forced-off signal 
Wo (high level) , the PWM signal Wp is the basic PWM signal Wb. The 
upper power transistors 21, 22, and 23 of the power supplier 20 perform 
PWM operation according to this PWM signal Wp. Meanwhile, the mask 
signal generator 116 is able toperf ormposition detection with respect 
to the PWM signal Wp in a segment X and a segment Y. Here, the segment 
X is a segment during a PWM operation OFF segment with the exclusion 
of the first predetermined period Ta directly after proceeding to 
the OFF segment, and the segment Y is a segment in the PWM operation 
ON segment with the exclusion of a second predetermined period Tb 
directly proceeding to the ON segment. 

In this way, stable PWM sensorless startup can be performed 
in first mode in which position detection operations are performed 
only in the forced-off segment from startup through to the rotation 
speed being reached. However, since the OFF segment is set relatively 
widely, there is a possibility that the driving current will fluctuate 
and position detection will be unstable . Therefore, the motor driver 
of the third embodiment has a structure in which the level of the 
forced-off signal Wo is high when the driving speed exceeds the 
predetermined driving speed, and fluctuations in the driving current 
are suppressed by prohibiting forced-off operation. In addition, 
the second detection mode in which the mask signal Wm enables position 
detection during both an ON segment and an OFF segment in PWM operation 
is used. Position detection is performed by switching between the 
first detection mode and the second detection mode depending on the 
rotation speed of the disc 1 and the rotor 10. 



According to the stated structure, position detection is 
performed by switching between the first position detection mode 
and the second position detection mode according to the rotation 
speed determination signal NS that is output from the rotation speed 
5 determination unit 70. During the period from startup through to 
when the predetermined rotation speed in reached, stable PWM 
sensorless startup can be achieved because position detection is 
possible only in the forced-off segment. In addition, because 
forced-off is prohibited when the rotation speed is at least the 
10 predetermined rotation speed, and position detection is performed 
in a PWM operation ON segment and OFF segment, stable operation can 
also be achieved during ordinary driving. 
(Fourth Embodiment) 

FIG. 11 shows the structure of the motor driver of the fourth 
1 5 embodiment . 

The structure shown in FIG. 11 differs from that shown in FIG. 
1 in that the switcher 50 has a switching controller 52A. 

FIG. 12 shows detailed structure of the switching controller 
52A. The difference with the switching controller 52 of FIG. 1 is 
20 that the switching controller 52A additionally includes a 
predetermined- time off signal generator 117, and the AND gate 115 
has three inputs. 

FIG . 13 shows the relationship between waveforms of the signals 
in the switching controller 52A. In synchronization with the 
25 reference trigger signal Ps of the reference trigger generation 
circuit 112, the predetermined-time off signal generator 117 outputs 
a predetermined time OFF signal Wf for turning off the reference 
trigger signal Ps for a predetermined period Tf in the constant cycle 
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Tp directly before the reference trigger signal Ps changes to ON. 
The AND gate 115 AND synthesizes the basic PWM signal Wb from the 
PWM signal generation circuit 113, the forced-off signal Wo from 
the forced off signal generator 53, and the predetermined- time off 
5 signal Wf from the predetermined-time off signal generation circuit 
117, and outputs the resultant synthesized signal as the PWM signal 
Wp. Other structure is the same as that of the motor driver of the 
first embodiment. 

With the PWM control of the motor driver of the present invention , 

10 the series of operations consisting of starting PWM operation 
according to the reference trigger signal Ps and completing PWM 
operation by detecting the peak value is performed every reference 
trigger signal Ps . In this kind of driver, fluctuations in the driving 
current are caused by fluctuations in rotation of the load (for example, 

15 the disc) that is driven. Furthermore, there is a tendency for 
erroneous operation, which is a phenomenon of a PWM operation of 
a particular cycle commencing before the PWM operation of the previous 
cycle is complete, in other words, "switching loss phenomenon", to 
occur . 

20 With the described structure, PWM operation is always performed 

every constant cycle Tp, other than in forced-off segments, and 
therefore the phenomenon of switching loss can be prevented, and 
fluctuations in driving current can be reduced. In other words, stable 
driving is achieved. 

25 

Industrial Applicability 

The present invention can be used as a motor driving mechanism 
in optical disc apparatuses, magnetic disc apparatuses, and the like. 
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